Introduction: Many rheumatoid arthritis (RA) patients do not achieve their treatment goals and experience symptoms that affect psychosocial outcomes and daily activities. This study aimed to identify and quantify the unmet needs perceived by US patients with RA
currently taking a disease-modifying antirheumatic drug (DMARD). Methods: A cross-sectional, web-based survey was conducted with RA patients recruited through CreakyJoints, an online patient support community, and ArthritisPower Ò , an online patient research registry, from December 2017 to January 2018. Participant patients were aged C 21 years, failed C 1 DMARDs, and were receiving their current DMARD(s) for C 6 months; they answered 50 questions about treatment history, RA symptoms, and flares and completed the Rheumatoid Arthritis Impact of Disease (RAID) questionnaire and the Treatment Satisfaction Questionnaire for Medication (TSQM). Treatment satisfaction was defined by a TSQM global satisfaction score C 80. Results: Of 415 patients screened, 258 (62%) were eligible and completed the survey; 87% were women, and 87% white, with mean (SD) age of 54.5 (11.4) years. A total of 232 patients (90%) had current or past biologic DMARD (bDMARD) use, with 67% currently on a bDMARD, 65% on C 1 conventional synthetic DMARD, and 40% on methotrexate. Forty-three percent of patients reported daily/almost daily use of prescription pain medications, and 44% reported a current flare. Mean (SD) TSQM scores were 59 [20] for effectiveness, 59 [26] for side effects, 72 [18] for convenience, and 65 [21] for global satisfaction. The mean (SD) RAID overall score was 5.1 (2.0) on a 0-10 scale. Only 26% (67 patients) were satisfied with their RA
INTRODUCTION
For patients with rheumatoid arthritis (RA), a number of effective treatment options are available to improve signs and symptoms and inflammation, reduce joint damage progression, and subsequently improve patients' health-related quality of life (QoL) and their ability to perform daily activities. Methotrexate (MTX) is the first-line treatment recommended for patients with RA and is often administered alone or in combination with other conventional synthetic disease-modifying antirheumatic drugs (csDMARDs) [1] . Patients who do not respond adequately to these treatment regimens may be treated subsequently with a biologic DMARD (bDMARD) or targeted synthetic DMARD (tsDMARD), with or without concomitant MTX. In current clinical practice, a tumor necrosis factor inhibitor (TNFi) is often initiated as the first advanced therapy option [1] . With the growing availability of effective targeted therapies, the management and outcomes of RA patients have improved significantly over the past decade. However, many patients still do not achieve the current recommended treatment goals of remission or low disease in clinical trials and clinical practice [2] [3] [4] . In a recent literature review by Taylor et al., it was noted in clinical studies that many patients may continue to experience RA symptoms, such as pain and disability [4] . While these symptoms may be coming from past joint structural damage (as disability) and not be related to the actual improper control of the disease, these observations suggest unmet needs remain for many patients [4] .
In clinical practice, assessment of the disease and treatment adjustments based on shared decision-making between rheumatologists and their patients are core pillars of the treat-totarget strategy for RA [1] . Yet, its implementation can be difficult, and one reason is the discrepancy between rheumatologists and their patients on the assessment of what is relevant disease activity and its impact on the desired treatment and treatment goals [5] . Consequently, understanding the patient perspective is becoming increasingly important in the clinical setting. A number of studies have been conducted to elicit patient attitudes and expectations on treatment outcomes and preferences for mode of RA treatment administration [6] [7] [8] [9] [10] [11] . These studies, however, did not discern the extent to which patient needs and goals are being met with current treatments.
The goal of this study was to identify, characterize, and quantify the following: satisfaction with current RA treatment, the current unmet needs perceived by patients with RA in the US, the symptoms of RA that are most bothersome to patients, and the impact of symptoms on function and QoL that may lead patients to need alternative treatments. Specifically, we developed a survey to measure patients' current experience and self-assessment in key domains of RA that Taylor et al. identified as areas of potential unmet need: pain, physical function, mental function, fatigue, social function, sexual function, the ability to work, and overall well-being [4] .
METHODS

Study Design
This study was a cross-sectional, web-based survey of patients with RA who were enrolled in ArthritisPower Ò , an online patient research registry (https://arthritispower.creakyjoints.org/).
ArthritisPower
Ò is one of 20 national patient registries funded by the nonprofit Patient-Centered Outcomes Research Institute (PCORI). ArthritisPower TM is the research arm of a wider online support community for patients with RA and other types of arthritis called CreakyJoints. Patients were recruited via an e-mail invitation that contained information about the webbased survey and a unique link to it. The sampling frame was designed to achieve diversity across gender, race, and education by oversampling men, diverse race/ethnicities, and patients with a high school education or less. A sample size of 200 respondents was targeted for the study; no formal power calculations were performed.
Patients completed screening questions (described below) to determine their eligibility prior to entry into the study. Those who completed the survey were compensated $25. The study was reviewed by the Schulman Institutional Review Board (IRB) and was determined to be exempt. The study was conducted in accordance with the ethical principles that have their origin in the Declaration of Helsinki and that are consistent with Good Pharmacoepidemiology Practices and applicable laws and regulations. Informed consent was obtained from all individual participants included in the study. Study data collection was from December 2017 to January 2018.
Study Population
Eligible patients were C 21 years of age, had the ability to read and write in English, and had a self-reported clinician diagnosis of RA. Additionally, patients responded to a series of questions about current and prior medications that indicated they had been treated with C 1 prior DMARD for treatment of RA and were on at least a second DMARD medication, alone or in combination, and stable for at least 6 months at the time of the survey.
Survey Measures
The survey consisted of 50 closed-ended questions. Topics included demographics, clinical and disease characteristics, and treatment history. The survey also contained two validated instruments. The first, Treatment Satisfaction Questionnaire for Medication (TSQM, Version II), consists of 11 questions [12, 13] . The TSQM provides a validated score for four subscales: effectiveness, side effects, convenience, and global satisfaction. Treatment satisfaction was measured using a cutpoint global satisfaction score C 80, which has been shown in past studies to be correlated with high medication adherence [14, 15] . The second validated instrument was the Rheumatoid Arthritis Impact of Disease (RAID) [16] . The RAID is a composite index composed of seven domains: pain, function, fatigue, physical well-being, psychological well-being, sleep disturbances, and coping. Each domain is a 0-10 numeric rating scale (NRS), with higher scores representing greater impact of RA, and domains were weighted when calculations were performed. The total RAID score has a range from 0 to 10, with 10 representing worst health and a score of B 2 representing an acceptable symptom state [17] . Additionally, Salaffi et al. have proposed the following cutoffs to classify disease activity using the RAID: B 3 for remission, [ 3 and B 4 for low disease activity, [ 4 and B 6 for moderate disease activity, and [ 6 for high disease activity [18] . For individual RAID domains, the following cutpoints were considered to represent symptom severity: 0 for no issues, 1-3 for mild, 4-7 for moderate, and 8-10 for severe [19] .
A series of questions assessed additional symptoms and impact of RA that were not captured by the RAID; specifically, questions addressed stiffness, swelling, mental well-being, social well-being, sexual well-being, work/ school disability, and independence. Each question was an NRS, with scores ranging from 0 (no difficulty) to 10 (extreme difficulty). Scores C 4 were considered moderate to severe [19] . Patients were also presented with a set of RA symptoms (pain, fatigue, stiffness, and swelling) and asked to identify and rank the two symptoms that were most bothersome. Additionally, patients were presented with a set of impacts of RA symptoms (difficulties with physical functioning, thinking/memory, sexual functioning, work/school, sleeping, independence, emotions/moods, and interference with social/leisure activities) and were asked to identify and rank the two impacts that were most bothersome. Patients also were asked to report on current flares (''Are you currently having an RA flare?'' Yes/No), which represents the patient's perceived RA activity and their interpretation of what flare means. Additional questions related to flares were the number of flares within the prior 30 days (''In the past 30 days, how many RA flares have you had? Please use your best estimate if you are not sure''), and the worst flare in the 30 days using a 0-10 NRS (0 for no flare to 10 for the worst flare). A standard definition of a flare was not provided and was left to the discretion of the patient, as has been used in some past studies [20, 21] . Patients were also asked, ''Please state how much you agree or disagree with the following statement. There are enough medication choices available for my doctor and me to manage my RA well.'' Patients rated their responses with a five-point Likert scale from ''strongly agree'' to ''strongly disagree.''
Data Analyses
No imputation was performed for missing data, except for the TSQM and RAID instruments. For the TSQM, scores for each domain were computed by adding all items in each domain and then transforming the score into a value ranging from 0 to 100, with 0 representing complete dissatisfaction and 100 maximum satisfaction. If responses were missing from more than one item in the effectiveness or global satisfaction domain, a domain score was not calculated [12, 13.] For the RAID, if one of the seven NRS values was missing, the mean value of the other NRS values was calculated, and this value was imputed for the missing NRS. If two or more of the NRS values were missing, the RAID was considered as a missing value [22] .
Descriptive analyses were used to summarize the survey responses for the overall sample. In addition, descriptive analyses of treatment satisfaction and of the RAID were conducted for the following subgroups: patients who reported currently taking a bDMARD and reported experience with another bDMARD previously; patients who had been on RA treatment for 1 to \ 5 years or on treatment for C 5 years; and stratification of the sample by patients who reported treatment satisfaction and those who did not (global score C 80 vs. \ 80). All analyses were conducted with SAS software, version 9.4 (SAS Institute Inc., Cary, NC, USA).
RESULTS
Patient Demographics and Characteristics
Of 415 patients who completed the screening questions, 258 (62%) patients were eligible and completed the survey; six patients were eligible and did not fully complete the survey. Their partial data, however, are included in the analysis. The sample selection flow chart is provided in Supplemental Fig. 1 . The majority of patients were female (87%) and white (87%). The mean (SD) age was 54.5 (11.4) , and the ages ranged from 24 to 81 years. Approximately 1% of the patients had been diagnosed with RA for \ 1 year, and among the most common comorbid conditions that patients reported were osteoarthritis (52%), mental health (44%), muscle or bone (39%), and other autoimmune (34%) conditions. The demographics of the sample were consistent with the patient populations that appear in the literature (Supplemental Table 1 ) [23] .
Most of the patients (90%, n = 232) had past or current experience with a bDMARD for RA, and 67% (n = 174) of patients reported that they were currently taking a bDMARD. Among the 58 patients who previously took a bDMARD but were not currently taking a bDMARD, 28 (48%) reported taking a tsDMARD (tofacitinib). Additionally, 168 patients (65%) reported currently taking at least one csDMARD, which includes MTX; and 103 patients (40%) reported currently taking MTX (Supplemental Table 2 ). Furthermore, 103 patients (41% of 252 respondents) reported daily or almost daily use of overthe-counter treatments for pain, and 43% (n = 109 of 252 respondents) of patients reported daily or almost daily use of nonsteroidal anti-inflammatory drug (NSAID) or opioid prescription treatments for pain relief. Additional data on patient characteristics can be found in Supplemental Table 2 .
Treatment Satisfaction
The mean (SD) TSQM scores were 59 [20] for effectiveness, 59 [26] for side effects, 72 [18] for convenience, and 65 [21] for global satisfaction.
Using the cutpoint of a global satisfaction score C 80, only 26% (n = 67) were classified as being satisfied with treatment.
Rheumatoid Arthritis Impact of Disease (RAID)
The mean (SD) total RAID score was 5.1 (2.0). The distribution of the RAID total scores is presented in Fig. 1 . Only 7% (n = 19) met the patient acceptable symptom state with a total score of B 2, as defined by Dougados et al. [17] Using the proposed cutoffs for disease activity from Salaffi et al. [18] , 16% (n = 41) were in remission, 13% (n = 33) in low disease activity, 37% (n = 95) in moderate disease activity, and 33% (n = 85) in high disease activity despite current treatment.
Fatigue, sleep disturbances, and pain were the RAID domains with the highest (worst) mean scores (Fig. 2) . The symptoms of RA with the greatest percentages of patients reporting moderate-to-severe impact on their life were fatigue (82%), pain (76%), and physical wellbeing (75%).
Additional Symptoms and Impacts of RA
Among the questions evaluating symptoms and impacts of RA that were not captured by the RAID, 70-80% of patients reported moderate-to-severe stiffness as a symptom and moderate-to-severe impact of RA on sexual well-being. The percentage of patients reporting moderate-to-severe symptoms or impacts are presented in Fig. 3 .
Among the four symptoms patients were asked to rank as most bothersome, 51% indicated pain, 36% indicated stiffness, 11% indicated fatigue, and 2% indicated swelling. Among the eight RA domains that patients were asked to rank as the most bothersome, the most commonly reported were physical function (49%), sleeping (17%), and difficulties with thinking or memory (12%). 
Subgroup Analyses of Treatment Satisfaction and RAID
Current use of a bDMARD and prior use of another bDMARD were reported by 141 (55%) patients. Compared with the overall sample, this subgroup of patients tended to report similar levels of treatment satisfaction (e.g., mean global satisfaction scores of 65 vs. 65 for the overall sample) and mean global and domain scores on the RAID as the overall patient population (Supplemental Table 3 ). Approximately half of the overall sample (53%, n = 137) had been on their current RA medication for 1 to \ 5 years, and 29% (n = 74) had been on medication for C 5 years. The latter subgroup of patients tended to report slightly higher scores on the RAID overall score and on individual domains compared with the overall sample (Supplemental Table 3 ).
Patients who were not satisfied with treatment, as defined by a TSQM global satisfaction score \ 80, reported higher scores on the RAID overall and across the seven domains than those who were satisfied (Fig. 2) . Of note, patients who were satisfied with treatment tended to report moderate symptom severity in the overall and individual RAID domain scores. Additionally, among patients who were not satisfied with treatment, approximately half reported a current flare (Fig. 2) .
Choices
When asked if there are enough medication choices available for themselves and their doctors to manage their RA, 36% (n = 91) agreed or strongly agreed, 28% (n = 71) were neutral, and 36% (n = 90) disagreed or strongly disagreed.
DISCUSSION
In this real-world sample of patients with RA, the majority of patients had experience with a bDMARD, had been diagnosed with RA for over a year, and had been on their current RA treatment regimen for over a year, with 29% of patients having been on their treatment regimen for C 5 years. Despite this access and prolonged use of bDMARDs, many continued to experience bothersome symptoms and health impact (e.g., pain and impaired physical function), and almost half of the patients reported a flare. Using the TSQM global satisfaction score to assess treatment satisfaction, only a quarter of the patients in the overall sample were satisfied with treatment. Additionally, high proportions of patients indicated that they had not achieved remission or low disease activity with their current treatment, as assessed by RAID. The totality of evidence suggests unmet needs for the treatment of RA, including for currently bDMARD-treated patients.
Results from this study raise the question of why patients do not change their RA medications despite impaired function and disease activity, particularly in light of the treat-to-target strategy in which changing therapy is recommended if the designated target is not achieved [24] . The clinical inertia may derive from the differences between the physician's perception of disease activity and that of the patient [5] . As described above, the patient's pain and disability may derive from past joint structural damage and not be related to actual improper control of the disease. This survey, however, was not able to discriminate between pain from damage and pain from active disease. Prior studies have also hypothesized that the fear of medication side effects and a loss of control may be factors in the unwillingness to change [7, 8, 11, [25] [26] [27] . Furthermore, many patients do not want to change their therapy as long as their condition remains stable and does not worsen, even if a treatment change might result in them having improved QoL [10, 11] . The current study also indicates that patients who had previous or current bDMARD experience reported similar treatment satisfaction compared with those who had not. One hypothesis for this is that patients with more extensive experience with treatment may become more accustomed to the positive effects of biologics over time; on the other hand, these results could indicate that patients with this experience and/or physicians have accepted some degree of symptoms and impairment [28] .
The demographics of the study sample were representative of the population of patients with established RA in the United States. Notably, the majority of patients were female and white, with a mean age of 54.5 years [11, 29, 30] .
This study advances the current understanding of patient needs for their RA treatment. In particular, this study was conducted in a real-world setting, and patients directly reported about their RA treatment, care, symptoms, and impacts via a web-based survey. The simple, validated instruments, TSQM and RAID, were used to provide complimentary information on the patient experience. The TSQM provides insights into the patient experience with medication with respect to effectiveness, side effects, convenience, and global satisfaction, and the instrument may be used across a variety of medications and illnesses [12, 13] . In contrast, the RAID was derived from a task force sponsored through the European League Against Rheumatism (EULAR), to measure the impact of RA on patient health and well-being [16] . The simplicity of both instruments ensured the feasibility of their administration over a web-based platform.
The prevalence of burdensome symptoms and adverse impacts on health-related QoL observed in this study suggests that there is unmet need for many patients despite the currently available treatment options, even among those patients who are satisfied with their RA treatment. Patient insights, such as those reported in the current study, can help physicians and patients discuss and decide upon a course of treatment; this shared decision-making is encouraged for the management of RA [3, 31] . Furthermore, the patient perspective is important for drug development and study design, by identifying the symptoms and impacts of RA and treatment that are most important to patients but remain poorly addressed by currently available DMARDs. These include residual pain, fatigue, joint stiffness, sleep disturbances, sexual well-being, and other patient-reported outcomes; patient-centric outcome measures have only recently assumed greater prominence in the design of contemporary RA trials. Additionally, unmet needs are key elements of the US Food and Drug Administration's risk-benefit assessment framework [32] .
Some findings from this study should be interpreted with caution. The generalizability of these results must be considered, given that this study enrolled a convenience sample of patients who were members of an online patient community group (CreakyJoints) or digital research registry (ArthritisPower Ò ). Because of this type of engagement, these patients may be not be representative of the broader group of RA patients, and RA and its variable manifestations may have a different impact on their overall health. Given that these patients are more likely to be healthseeking by virtue of their engagement with other patients and research participants, they may have greater interest in and access to newly available therapies. Despite this consideration, treatment changes were relatively infrequent. Likewise, as with most survey research, this study is subject to selection bias. Patients who participated in this survey may be different from those who did not participate. Additionally, patients self-reported their RA diagnosis and treatments, and there was no opportunity to confirm their responses (e.g., with medical record review); however, almost all (98%) reported being under the care of a rheumatologist, and described current and/or past use of a bDMARD or csDMARD. The survey also may not have captured other factors, such as patient coping behavior or perceptions of illness, that have been shown to affect patient psychosocial outcomes [33] . Lastly, the survey also contained several questions that were not from validated instruments, which may affect the reliability and validity of responses.
CONCLUSIONS
This study demonstrates the significant unmet needs among patients with RA, despite the availability of current RA treatments and a high prevalence of past or current bDMARD use. Although many RA guidelines strongly encourage striving for remission, these findings suggest that many patients report much worse health states. Given that the perceived health state for patients who were satisfied with their RA treatments was relatively poor, acceptance of suboptimal disease control may be an impediment to appropriate RA treatment optimization; this has been suggested in recent publications in which patients have frequently refused to accelerate RA care despite active disease [26] . The patient perspective will be critical to make continual improvements in the treatment of RA and to encourage appropriate treatment switching and escalation.
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